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Invention

* Barometer

o Evangelista Torricelli
1644

* Thermometer

o Galileo
thermoscope
c.1599

o Sealed
thermometer:
Ferdinand Il,
Grand Duke of
Tuscany, c.1641


Presenter Notes
Presentation Notes
Thermometer scales based on fixed points only appeared during C18 (Fahrenheit, Celsius, Reamur)


Invention

* 1678: Automatic weather station (Wren and Hooke)

Mr Hook[e] produced a part of his new weather Clock which he had been preparing
which was to keep an Account of all the Changes of weather which should happen,
namely the Quarters and points in which the wind should blow 2ly the strength of the
Wind in that Quarter. 3ly The heat and cold of the Air. 4ly The Gravity and Levity of
the Air. 5ly the Dryness and moisture of the Air. 6ly The Quantity of Rain that should
fall. 7ly The Quantity of Snow or Hail that shall fall in the winter. 8ly the times of the
shining of the Sun. This he was desired to proceed with all to finish he hoped to doe
within a month or six weeks.

From Royal Society Journal Book (JBO/6), dated 5 December 1678
Reproduced by kind permission of the Royal Society Archives


Presenter Notes
Presentation Notes
Slightly surprising that barometric pressure was not included; otherwise, a complete modern AWS. Technology of the time was sufficient that Hooke could have invented a thermograph-type device using existing technology


Earliest surviving records

* |taly: Medici network, based in Florence 1654-70
* |taly: Pisa, daily barometer series 1657-58

* England: Oxford, thermometer 1666 (John Locke)
- Manley’s CET 1659-

* England: London, barometer and thermometer 1672-
(Robert Hooke)

* Near-complete daily pressure series Paris since 1670,
London 1692 to date


Presenter Notes
Presentation Notes
Thermometer scales based on fixed points only appeared during C18 (Fahrenheit, Celsius, Reamur)


The first meteorological networks

* Medici network
1654-1670

o Ferdinand I,
Grand Duke of Tuscany

o 11 stations, identical
thermometry

* Societas Meteorologica
Palatina 1781-1792

o Karl Theodor, Elector of the
Palatinate

0 39 stations - eastern America
to Ural Mountains, Greenland
to the Mediterranean

o Established standardized
instruments, observing
procedures and observation
times

Camuffo and Bertolin, Climatic Change 2012



Europe’s longest weather records
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Iceland – Stykkisholmur, 1845 to date (basis of NAO index ec)


e Stykkisholmur 1846

Helsinki 1844

5 o
Uppsala 1722 ¢ g, fholm 1756

Armagh 1794

Dublin p e Durham 1843
1829

e Oxford:1815 ° Berlin 1769

I S e 70

e Kremsm nster1 62
e Hohenpeissenberg 1781

St Bernard Pass Milan 1763

1817 » S
Genoqg 1833 Padua 1725

Rome 1787

e Cadiz 1786
® Gibraltar 1790 e Palermo 1791



Presenter Notes
Presentation Notes
WMO Centennial Sites pre-1850


Anders Celsius

* First Nordic temperature and
pressure measurements 1722

* Professor of Astronomy,
Uppsala University 1730-

* Pioneer in geophysics
o Shape of the Earth
— Arctic expedition 1736-37
0 Latitude determination
0 Longitude determination
0 Gravity measurements
o Sea level change
0 Magnetic fields and aurora borealis

* Inventor of Celsius temperature
scale 1743


Presenter Notes
Presentation Notes
Uppsala University is the oldest University in the Nordic countries, founded 1477


°C

70 30
80 20
90 10
100 O
110 -10

Gelée

3|eds snis|3) UdNIMpUeH

9|edas 3|sI[aq |euidluQ

Gelée

1ng uaydais 1ybriAdo) @



The Celsius temperature scale

* First used in barometer temperature
observations, December 1741

* Experimentally defined by two fixed
points

o Melting point of ice,
at 100 degrees

o Boiling point of water,
at 0 degrees

o ‘Centi-grade’ scale

* Published 1742

o Celsius, A (1742): Observationer om twanne bestandiga
grader pa en thermometer. Kongl. Swenska Wetenskaps
Academiens Handlingar, 3, 171-180

* Scale later reversed by

Daniel Ekstrom c. 1744



Courtesy University of Uppsala

First ‘Celsius’ logbook entries in Uppsala record
2 June 1743



Presenter Notes
Presentation Notes
The parallel readings from multiple thermometers and multiple scales enabled cross-comparisons and calibrations to ensure continuity and consistency in early Uppsala record

Over 95% of the record is complete, with the remaining missing 4.7% (mostly before 1750) filled in from other sites in eastern Sweden


Uppsala

2022

1860s



Padua, Italy 1725 to date
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Stockholm, Sweden 1756 to date

Photographs © Copyright Stephen Burt




Wikipedia

Kremsmunster

Abbey, Austria
1762 to date



The Radcliffe Observatory, Oxford
1767 to date

’ 0 . ‘ I /\
A Hlstory of the University of Oxford, 1814 (Green College, Oxford)


Presenter Notes
Presentation Notes
The Radcliffe Trustees funded the construction of Oxford’s Radcliffe Observatory – the final bill for which, when finally completed in 1799, came to £31,661 6s 11½d (over £4M in 2023 values). The instruments themselves, the finest in the world in their day, cost another £4089. By comparison, Hornsby’s salary, as the Radcliffe Librarian, was £150 per annum. (Source: Guest, Dr John Radcliffe and his Trust: Radcliffe Trust, 1991).

A skilled tradesman in 1790 could expect to earn about £50 per year.


Thomas Hornsby


Presenter Notes
Presentation Notes
The earliest known of Thomas Hornsby’s meteorological records are catalogued in the Museum of the History of Science in Oxford, dating from 1753, at age 20


The Radcliffe Observatory, Oxford

The Observatory today



The Radcliffe Meteorological Station
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Prague, Czechia 1775 to date
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Presenter Notes
Presentation Notes
Klementinum site (formerly Jesuit seminary, now Czech National Library)

Regular meteorological observations commenced in the vast Baroque complex of the former Jesuit College in Prague’s Old Town, the Clementinum (or Klementinum), in 1752, although there are breaks in the record until 1775; the daily records are unbroken since January 1784 [47, 48]. Observations continue at the same site (now the Czech National Library) today, in much the same surroundings as they were more than 250 years ago, with observations made at the ‘Mannheim hours’ of 0700, 1400 and 2100 local time (see below).
Two thermometer screens are in use, similar to the original eighteenth century models rather than today’s standards – a louvred screen located on the first floor of the north side of the south annex and another on the flat roof of the east annex. Rainfall amounts and sunshine duration are also measured here. Although measurements at his site were and still are influenced by a number of factors (such as the location of the measuring instruments within the complex, and its position in the centre of Prague), for modern science, they represent a unique and extremely valuable source of information on central European weather and climate conditions during modern history.



Prague, Czechia
1775 to date

Czech Hydrometeorological Institute
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Presentation Notes
Klementinum site (formerly Jesuit seminary, now Czech National Library)


Hohenpeissenberg, Germany 1781 to date
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Presenter Notes
Presentation Notes
Hohenpeissenberg is the oldest mountain observatory in the world, and possesses one of the longest reliable observational records of any location [49, 50]. It is located about 80 km south-west of Munich at an altitude of just under 1000 m, and has an interesting and varied history. It was one of the first sites accepted into the WMO Centennial Stations initiative in 2017.
Meteorological observations were first made here in 1758/59, but regular and uninterrupted records started on 1 January 1781 as one of the stations in the Societas Meteorologica Palatina observation network, established by the Meteorological Society of the Palatinate with the support and funding of Karl Theodor, Elector of the Palatinate, the world’s second international climate observation network (Florence’s Medici Network in 1654–70 was the first): it consisted of 39 stations extending from eastern America to the Ural Mountains, and from Greenland to the Mediterranean [51]. The Societas Meteorologica Palatina established standardized instruments, observing procedures and observation times (the so-called Mannheim hours of 0700, 1400 and 2100) for the first time. (Observations made at the Mannheim hours are still used for today’s climatological records at Hohenpeissenberg.) Augustinian monks from the nearby Rottenbuch monastery made the observations; Hoher Peissenberg was a place of pilgrimage and a subsidiary convent.



Hohenpeissenberg, Germany 1781 to date
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Presenter Notes
Presentation Notes
The current meteorological instrument site at Hohenpeissenberg Observatory in southern Germany: meteorological observations have been made here without significant interruption since January 1781. (Photograph courtesy of Stefan Gilge, Deutscher Wetterdienst)
The Palatinate came under occupation in 1792, during the Austrian-French war. This brought an end to the Societas Meteorologica Palatina, although fortunately the Augustinian Canons decided to continue the meteorological observations. Following secularization in 1803, the Bavarian Academy of Sciences assumed responsibility for the station and appointed the parish priest of Hohenpeissenberg as the responsible observer. In 1838, the observatory came under the responsibility of the Royal Observatory of Munich, and in 1878 part of the Bavarian State Weather Service. In 1934, the Meteorological Service of the Third Reich assumed responsibility for the site, which was expanded into a main weather observation location in late 1937, commencing synoptic observations. In 1940, the station was relocated a short distance from the existing monastery buildings into newly built premises on the western side of the mountain. In the closing days of the Second World War, southern Bavaria came under attack from the Allied armies. Observations at Hohenpeissenberg were interrupted by artillery fire on 28 April 1945, and had to cease altogether on 2 May because of the danger to the observers, but were restarted on 14 May. On 1 April 1946, the station was incorporated into the network of the newly founded West German state weather service, the Deutscher Wetterdienst (DWD), and in March 1950 the site was formally upgraded to that of a meteorological observatory.
The range of instrumentation and observing routines has expanded considerably since. Records of atmospheric ozone commenced in 1967, a weather radar was installed in 1968, later upgraded to Doppler capabilities, and observations of trace atmospheric gases commenced. In 1994, the observatory became a part of WMO’s Global Atmosphere Watch (GAW) programme.


Armagh Observatory 1794 to date
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Presenter Notes
Presentation Notes
The astronomical observatory at Armagh, built in 1790, is the oldest scientific institution in Northern Ireland [52]. Intermittent observations of the weather have been made on this site since 1784, prior to the building of the observatory: more systematic daily observations of temperature and barometric pressure commenced in December 1794. Although there are some gaps in the early years, and numerous changes of instrument and site around the observatory, the records are largely complete from 1833 to the present day. They represent the longest series of continuous weather records in Ireland. All of the records, including both current observations and scanned copies of the original manuscript records, are available on the observatory website https://www.armagh.space/weather and have been extensively documented [53-55]. Armagh Observatory was declared a WMO Centennial Station in 2018, Figure 1.16 [39].
The site lies approximately 1 km north-east of the centre of the ancient city of Armagh, at the top of a drumlin (a small hill moulded by glacial action) in an estate of natural woodland and parkland of some 7 ha. The observatory is still largely surrounded by countryside similar to that which has existed since its foundation. The population of Armagh has increased relatively little in 200 years (2022: 14,590) and so the observatory suffers from little or no urban micro-climatic effects. 
The third director of the observatory, Thomas Romney Robinson, appointed in 1832, made many experiments in other fields of science. One of his most enduring interests was the study of meteorology and in particular the measurement of wind speed. He invented the cup anemometer (see Chapter 9, Measuring wind speed and direction), a device that is still widely used throughout the world. An original Robinson anemometer can still be seen in operation on the roof of the Observatory.



Durham Observatory 1841 to date
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Presenter Notes
Presentation Notes
Meteorological records began at the Durham University Observatory in 1841, although the earliest surviving logbook dates from July 1843. As at Oxford, the observations were originally made as part of the astronomical routine of the observatory; astronomical records ceased at the outset of World War II in 1939. The long series of records were fortunately rediscovered by Gordon Manley [60], the first professor of Geography at Durham in 1928, and developed into the longest series of temperature and pressure observations in north-east England. Manual observations were discontinued in October 1999, since when observations have been made by a Met Office AWS (Figure 1.18). The full history of the meteorological records at Durham have been published [61] and the entire twice-daily observation series is available on the Durham University website at https://durhamweather.webspace.durham.ac.uk/. Durham University Observatory became a WMO Centennial site in 2023.


Valentia Observatory 1368 to date
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Valentia Observatory 1368 to date
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Valentia Observatory 1368 to date
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